The claims made for the Resonating Valence Bond ideas for the Cuprates in a recent paper by Anderson et al. on the basis of a variational calculation are discussed.
I. INTRODUCTION
Within weeks of the confirmation of the discovery of high temperature superconductivity in the cuprates by Bednorz and Muller, Anderson 1 suggested an explanation of the phenomena and called it resonating valence bonds (RVB). Despite an enormous theoretical effort by the international scientific community, systematic or consistent theoretical results have been hard to obtain on this idea for the model proposed by Anderson for the cuprates. When some specific predictions were made based on the general ideas or approximate calculations, experiments did not conform.
It is not the purpose here to examine this history, but rather to examine some of the claims for the RVB idea made in a curious recent note by Anderson, Lee, Randeria, Rice, Trivedi and Zhang (ALRRTZ) 2 . In this note ALRRTZ put forth that the variational calculations that were done over a decade ago based on Anderson's ideas and have been revived In this note I point out the following:
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(1) The principal result of the variational calculations discussed by ALRRTZ is contrary to a vast array of experimental results. This disagreement is of a fatal nature for ideas which the variational calculation is taken to support.
(2) The properties of the Hubbard/t-J model cannot be adequately studied using the wavefunctions with the limited variational degree of freedom employed by ALRRTZ.
(3) In view of (1) and several other experimental and theoretical results, the Hubbard/t-J model is itself inadequate as a model for the Cuprates.
II. EXPERIMENTS AND THE RESULTS FROM THE CHOSEN

WAVEFUNCTION
The chosen variational wavefunction is the d-wave superconducting wavefunction with projection to remove double occupation:
P is the projection operator and ∆(k) is the the d-wave BCS order parameter function with a variational parametr of magnitude ∆ 0 . The principal result of the calculations is that the ground-state energy is minimized when ∆ 0 varies with x, the deviation from half-filling as shown schematically in figure (1 energy than a wavefunction describing AFM at appropriate wave-vectors Q(x)? They also acknowledge that their approach is no help in understanding the universal normal state properties for compositions near those for the highest T c . I will return to both these points; first, let us compare the claims made with the experiments.
A crucial feature of Fig. (1) is that the parameter ∆ 0 is finite throughout the superconducting region x min < x < x max . I summarize evidence below that, in experiments, the pseudogap properties disappear above a critical composition x c within the superconducting region. Moreover experiments show that a singularity exists at x c , the Quantum Critical 
More complete are measurements 13 in the compound 248. At stoichiometry, this compound displays the pseudogap properties with a characteristic change in resistivity from linear to that of the pseudogap behavior below T p ≈ 200K and a T c of 80 K. Under pressure P, T c continuously rises to 110 K at a P of 100 kbar; simultaneously T p decreases and is invisible above a P about 80 kbar 14 . Raman measurements under pressure reveal the form of Eq.
(2) near 100 kbar but at lower P one finds a characterstic infra-red cut-off proportional to
In their paper ALRRTZ reproduce the magnitude of a gap deduced from the photoemission experiments 15 which indeed varies with x in the manner similar to fig. (1) . This gap is deduced at low temperatures from experiments in the superconducting phase. This may appear reasonable enough. After all the comparison is being made to a parameter in a ground state wavefunction. Actually, this is a specious argument if ∆ 0 is understood to represent the pseudogap. A tunneling measurement made below T c will show a gap which is zero only when both the pseudogap and the superconducting gap are zero because the gap measured is is an appropriate combination of the pseudogap D(x) and the superconducting gap ∆ sc (x); for instance This is not to say that the t-J model has a superconducting ground state above some with a QCP at x c and an unusual time-reversal violating phase for the pseudogap region.
V. CONCLUDING REMARKS
If fluctuations of the form of Eq. (2) persist down to T → 0, they give that the real part of the susceptibility has the singularity Arguments have been given why the fluctuations to this phase in this model produce the specified fluctuations. An exact calcualtion of the related local model 20 produces precisely the specified form of fluctuations. More work on this issue will be forthcoming.
The vast array of experiments in the cuprates narrows the possible theories for the phenomena. One can be certain that the theories should have a QCP with a phase with a pseudogap ending at it. One can also be certain that in the long wavelength limit, the fluctuations about the QCP must have the form of Eq. (2) because that is what is observed 28 .
Unless the ideas of RVB satisfy these requirements, they together with several others which do not, can be excluded as a framework for a theory of the cuprate phenomena.
The first paper of Anderson was important for cuprates; it posited the phenomena was due to electron-electron interactions and suggested that quite new physics will be required to understand it. This has turned out to be true. Its direct importance is to physics other than that in cuprates, in the interest it has provoked in search for models in which quantum-mechanics leads to beautiful new states of existence such as RVB. This may have implications
for physics yet to come.
13
as one of some broken symmetry is that, although most thermodynamic and transport properties change at T p (x), there is no observable singularity in the specific heat a T p (x).
Such a situation is not excluded by statistical mechanics. The symmetry change observed in Ref. ( 26) belongs to a class of Z2⊗Z2 models, which in appropriate range of parameters do have a phase transition without a diverging specific heat.
28 It is also fairly certain that the momentum dependence of the fluctuations must be much 15 less important than their frequency dependence because that is the only way known to have the transport scattering rates be similar to the single-particle relaxation rates and to understand the NMR experiments on cu in the normal state.A specific form with dyanmical critical exponent of infinity has been proposed.
